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 a  Aga Khan University Hospital, b  Sindh Institute of Urology and Transplantation, c  Liaquat National Hospital, 
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vs. 97.6°F (36.4 ° C); p  ! 0.001]. The fistula arm had higher axil-
lary temperature in 77 (44%) hemodialysis patients. The dif-
ference between oral and axillary temperatures varied wide-
ly, making it impossible to obtain an accurate correction 
factor in both groups.  Conclusion: Hemodialysis patients 
have higher normal body temperatures than healthy indi-
viduals. Axillary temperatures require cautious interpreta-
tion. In hemodialysis patients, the non-fistula arm should be 
preferred for recording axillary temperatures, as the pres-
ence of AVF may cause discrepancies in temperature mea-
surements.  Copyright © 2010 S. Karger AG, Basel
 
 Introduction 
 Despite the widespread application of thermometry in 
clinical medicine, the definition of normal body temper-
ature is still under debate  [1] . Normal body temperature 
has traditionally been considered as 98.6°F (37 ° C)  [2] . 
However, a recent study indicates that normal body tem-
perature (measured orally) not only varies amongst indi-
viduals, but also throughout the day, and can range from 
96°F (35.5 ° C) in the morning to 99.9°F (37.7 ° C) in the 
evening, with an overall average of 98.2°F (36.7 ° C)  [2] . 
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 Abstract 
 Background/Aims:  Patients with chronic kidney disease un-
dergoing hemodialysis have an altered homeostasis leading 
to altered body temperatures. We aimed to determine the 
range for normal body temperature in hemodialysis patients 
and compared it to healthy individuals. Also, we determined 
how much axillary temperatures differed from oral tempera-
tures in both groups and whether axillary temperature is 
 affected by the presence of an arteriovenous fistula (AVF) in 
hemodialysis patients.  Methods: Oral and axillary (left & 
right) temperatures were recorded using an ordinary mer-
cury-in-glass thermometer in 400 subjects (200 hemodialy-
sis patients, 200 healthy individuals) at the Sindh Institute of 
Urology and Transplantation from mid-May to mid-June 
2006. Comparisons were made between the temperatures 
of both groups.  Results: Mean oral temperature in hemodi-
alysis patients was higher than in healthy individuals [98.7°F 
(37 ° C) vs. 98.4°F (36.8 ° C); p  ! 0.001], as was the mean aver-
age axillary temperature [97.7°F (36.5 ° C) vs. 97.5°F (36.3 ° C); 
p = 0.02] and mean left axillary temperature [97.9°F (36.6 ° C) 
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There are many factors causing this variation in normal 
body temperature, such as age  [3, 4] and gender  [5, 6] . The 
body temperature is also very sensitive to hormone levels 
and women exhibit an increase in body temperature of 
about 0.9°F at the time of ovulation  [7] . In addition, exer-
cise, digestion and underlying disorders, e.g., shock and 
neuro-psychiatric disorders such as chronic depression, 
may also alter the thermoregulatory response  [7] . Ambi-
ent temperature and humidity have also been shown ex-
perimentally to affect body temperature  [8] .
 Patients with chronic kidney disease (CKD) undergo-
ing renal replacement therapy in the form of hemodialy-
sis have an increased chance of infection, the risk of which 
is increased by immunosuppression associated with ure-
mia, vascular access-related infections and constant nos-
ocomial exposures  [9] . Thus, an early diagnosis of infec-
tion is imperative in this population. Unfortunately, CKD 
itself as well as hemodialysis may also affect the body 
temperature. Patients undergoing hemodialysis have an 
altered homeostasis, which may lead to an altered body 
temperature, i.e., resulting in a body temperature which 
is higher or lower than a normal individual  [10–14] . Ad-
ditionally, the long-term survival and quality of life of 
patients on hemodialysis is dependent on an appropri-
ately placed vascular access; the most reliable long-term 
method of achieving this being the construction of an 
arteriovenous fistula (AVF)  [15, 16] . The resultant arteri-
alization of the vein alters the blood flow distal to the 
AVF and can theoretically change the skin and axillary 
temperature  [17] .
 There is limited information regarding the normal 
body temperature in hemodialysis patients, how this 
compares with the healthy population and the effect of 
the AVF on the reliability of measuring body tempera-
ture. We therefore carried out a study to determine the 
range for normal body temperature in hemodialysis pa-
tients and compared this to body temperatures in healthy 
individuals. We also compared how much the axillary 
temperature differs from the oral temperature in both the 
groups and whether there is any effect of the fistula site 
on the axillary temperature in hemodialysis patients.
 Materials and Methods 
 We carried out an observational cross-sectional study at the 
Sindh Institute of Urology and Transplantation (SIUT). Two 
groups of subjects were enrolled; the first was comprised of pa-
tients undergoing hemodialysis, and the second was a comparator 
group consisting of healthy individuals (subjects accompanying 
patients to the various clinics at the SIUT). In both groups, sub-
jects were enrolled between mid-May and mid-June 2006. Only 
adults (subjects  6 18 years) were included in the study. Addition-
ally, in the hemodialysis patients group, we only enrolled patients 
who were receiving dialysis through a functional fistula for  1 6 
months.
 A screening questionnaire was administered in each case, 
which contained details about the age, sex, ambient temperature, 
time of the day, pregnancy and last menstrual period (LMP) in 
the case of females, history of any chronic medical illnesses, e.g., 
diabetes and hypertension, history of any recent infections, his-
tory of fever associated with hemodialysis and fistula site. Sub-
jects having any recent infections and history of fever associated 
with hemodialysis (both confirmed on the basis of detailed his-
tory and past medical records) and those with any chronic medi-
cal illnesses (other than CKD) were excluded to avoid discrepan-
cies in temperature recordings. Similarly, pregnant women and 
women suspected to be at or around their ovulation (based on the 
LMP) were also excluded. Additionally, in the hemodialysis pa-
tients group, patients undergoing hemodialysis through a central 
line and those with flow-related fistula complications were ex-
cluded. The mean ages of the healthy individuals and the hemo-
dialysis patients were used to devise a cutoff in order to divide 
each of the categories of subjects into a younger and an older 
age.
 Each subject’s body temperature was recorded using an ordi-
nary mercury-in-glass thermometer. A total of 5 similar ther-
mometers from the most widely used brand were used through-
out the study. For hemodialysis patients, the temperature re-
cordings were made in the waiting area of the hemodialysis 
center before the patients underwent hemodialysis, and for 
healthy individuals, the temperature recordings were made in 
the waiting areas of various clinics. The temperature of each sub-
ject was first taken orally by positioning the bulb of the ther-
mometer in the sublingual pocket. For axillary temperature 
measurements, the bulb of the thermometer was placed midway 
between the anterior and posterior axillary folds, first in the 
right, and then in the left axilla, and the temperature recordings 
for each axilla were recorded. For each temperature measure-
ment the thermometer was kept at the body site for 2 min. Only 
2 individuals were involved in recording oral and axillary tem-
peratures of all the subjects, and each temperature recording was 
rechecked by both individuals so as to minimize the visual error 
in reading the temperature. An average axillary temperature was 
calculated using the mean of right and left axillary temperature 
for each subject in both groups. A difference of more than 1°F 
between the oral and average axillary temperatures was defined 
as a discrepancy.
 The thermometer bulb was wiped with 70% alcohol at room 
temperature before checking the temperatures at different sites. 
All temperature recordings were made during the day time. The 
ambient temperature of each waiting area was measured by using 
a wall-mounted thermometer with a measuring range between
–20°F (–28.8 ° C) and 140°F (60 ° C). This thermometer was mount-
ed at a central point in the waiting areas each day and the ambient 
temperature was recorded before each subject’s body temperature 
recording was made. The mean of the ambient temperatures to 
which the subjects were exposed in both groups were used as a 
cutoff to divide the subjects into high and low ambient tempera-
ture categories in both groups.
 Body Temperature in HD Patients vs. 
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 As there is no formal ethical committee in SIUT, permission 
and approval of the work was taken from the Director of the In-
stitute. Informed consent of each subject was taken and confiden-
tiality and anonymity of the record was maintained.
 All analyses were conducted by using the Statistical Package 
for Social Science; SPSS (Release 16.0, standard version, SPSS © 
1989–2002). A descriptive analysis was done as mean  8 standard 
deviation for quantitative variables and number (percentage) for 
qualitative variables. Differences in proportions were assessed by 
using the   2 test or Fisher exact test where appropriate. All p val-
ues were 2-sided and considered as statistically significant if 
 ! 0.05.
 Results 
 A total of 400 subjects were evaluated, which includ-
ed 200 subjects in the hemodialysis patients group and 
200 subjects in the healthy individuals group, comp-
rising equal numbers of males and females in each 
group.
 In the hemodialysis patients group, 23 subjects were 
excluded due to history of fever associated with hemodi-
alysis. Of the remaining 177 hemodialysis patients, the 
mean age of the subjects was 30  8 10.6 years and 91 
(51.4%) of the subjects were males while 86 (48.5%) were 
females. The ambient temperature of the waiting area of 
hemodialysis ranged between 76°F (24.4 ° C) and 79°F 
(26.1 ° C) [mean  8 SD = 77.1°F (25 ° C)  8 0.96°F].
 In the healthy individuals group, 16 subjects were ex-
cluded due to history of recent infections (urinary tract 
infections, respiratory infections and sore throat). Of the 
remaining 184 healthy individuals, the mean age of the 
subjects was 34  8 10.6 years and 97 (52.7%) of the sub-
jects were females, while 87 (47.2%) were males. The am-
bient temperature of the waiting areas of the various clin-
ics ranged between 79°F (26.1 ° C) and 90°F (32.2 ° C) 
[mean  8 SD = 82.9°F (28.2 ° C)  8 1.90°F].
 The range for normal oral temperature in the hemo-
dialysis patients group was between 97.2°F (36.2 ° C) and 
100.4°F (38 ° C); mean  8 SD: 98.7°F (37 ° C)  8 0.59°F 
( fig. 1 ), while that of the healthy individuals group was 
between 97°F (36.1 ° C) and 99.8°F (37.6 ° C); mean  8  SD: 
98.4°F (36.8 ° C)  8 0.52°F. The mean oral temperature 
in the hemodialysis patients group was significantly 
higher than that of the healthy individuals group; [98.7°F 
(37 ° C) vs. 98.4°F (36.8 ° C); p  ! 0.001]. The variation in 
oral temperature in the hemodialysis patients group was 
also greater than in the healthy individuals group 
( fig. 2 ).
 There were no significant age- and ambient tempera-
ture-related variations in body temperature in either 
group. Nor were there any sex-related variations in the 
body temperature in the hemodialysis patients group, but 
interestingly, a significant sex-related variation was found 
in the body temperature of males and females [mean 
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 Fig. 1. Normal distribution curve for oral 
temperatures in hemodialysis patients. 
Graphical representation of the distribu-
tion of oral temperatures in hemodialysis 
patients in the study population, depicting 
the mean oral temperature, median and 
mode. The normal oral temperature in he-
modialysis patients ranged from 97.2°F 
(36.2 ° C) to 100.4°F (38 ° C). 
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98.5°F (36.9 ° C) vs. 98.3°F (36.8 ° C); p = 0.01] in the healthy 
individuals group ( table 1 ).
 In the hemodialysis patients group, the axillary tem-
perature in the right axilla ranged from 95°F (35 ° C) to 
100.4°F (38 ° C) [mean  8 SD = 97.6°F (36.4 ° C)  8 0.92°F] 
and that in the left axilla ranged from 95.2°F (35.1 ° C) to 
100.4°F (38 ° C) [mean  8 SD = 97.9°F (36.6 ° C)  8 0.81°F]. 
Most of the hemodialysis patients (88.6%) had a fistula in 
the left arm while 11.4% had a fistula in the right arm. 
The arm with the fistula had a higher temperature in 77 
(44%) of the hemodialysis patients. In the healthy indi-
viduals group, the axillary temperature in the right ax-
illa ranged from 96°F (35.5 ° C) to 99.6°F (37.5 ° C) [mean 
 8 SD = 97.5°F (36.3 ° C)  8 0.72°F] and that in the left
axilla ranged from 96°F (35.5 ° C) to 99.4°F (37.4 ° C)
[mean  8 SD = 97.6°F (36.4 ° C)  8 0.74°F]. There was no 
significant difference in the mean right axillary tempera-
ture in the hemodialysis patients and healthy individuals, 
but as expected, the mean left axillary temperature in the 
hemodialysis patients group was significantly higher 
than that of the healthy individuals group [97.9°F (36.6 ° C) 
vs. 97.6°F (36.4 ° C); p  ! 0.001].
 The average axillary temperature ranged from 95.1°F 
(35 ° C) to 100.4°F (38 ° C) [mean  8 SD = 97.7°F
(36.5 ° C)  8 0.78°F] in hemodialysis patients, while it 
ranged from 96.1°F (35.6 ° C) to 99.5°F (37.5 ° C) [mean  8 
SD = 97.5°F (36.3 ° C)  8 0.68°F] in the healthy individu-
als. The average axillary temperature in hemodialysis pa-
Table 1. Age-, sex- and ambient temperature-related variations in normal body temperature in hemodialysis patients and healthy in-
dividuals
Hemodialysis patients group Healthy individuals group
age, years sex ambient temperature
°F/°C
age, years sex ambient temperature 
°F/°C
<30
(n = 107)
≥30
(n = 70)
male
(n = 91)
female
(n = 86)
<77.1/25
(n = 47)
≥77.1/25
(n = 130)
<34
(n = 92)
≥34
(n = 92)
male
(n = 87)
female
(n = 97)
<82.5/28
(n = 21)
≥82.5/28
(n = 163)
Mean temperature 
°F/°C 98.8/37.1 98.7/37 98.7/37 98.7/37 98.9/37.1 98.7/37 98.5/36.9 98.4/36.8 98.3/36.8 98.5/36.9 98.5/36.9 98.4/36.8
p value 0.35 0.59 0.20 0.68 0.01 0.51
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 Fig. 2. Variation of normal oral tempera-
tures in hemodialysis patients and healthy 
individuals. Graphical representation of 
the variation in the normal oral tempera-
tures in hemodialysis patients group and 
the healthy individuals group show a wid-
er variation of normal body temperature 
in hemodialysis patients when compared 
to healthy individuals. 
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tients was therefore significantly higher than that of 
healthy individuals [97.7°F (36.5 ° C) vs. 97.5°F (36.3 ° C); 
p = 0.02]. The variation in the average axillary tempera-
tures in hemodialysis patients group was also greater 
than in the healthy individuals group.
 A discrepancy in the oral and the average axillary tem-
perature was found in 84.7% of the patients in the hemo-
dialysis patients group and 36.4% of the subjects in the 
healthy individuals group. As there was a wide variation 
in the difference between oral and average axillary tem-
peratures, an accurate oral equivalent of axillary temper-
ature could not be obtained in either group.
 Discussion 
 The primary objective of this study was to demon-
strate if any thermal imbalance exists in patients between 
dialysis treatments. The higher body temperature in pa-
tients undergoing hemodialysis when compared with the 
healthy individuals indicates that patients undergoing 
hemodialysis may have some degree of disequilibrium in 
their homeostasis. The cause of this increase in core tem-
perature is still under debate  [10] . The increase in body 
temperature may be due to a chronic inflammatory pro-
cess in these patients, which may be depicted if further 
studies are carried out to measure the cytokine levels in 
these patients. It has also been suggested that peripheral 
vasoconstriction as a result of hypovolemia leads to re-
duced dissipation of heat from the skin, which may be the 
main cause of this increase  [10] . Apart from reduced heat 
loss, an increased metabolic rate during dialysis might 
lead to heat accumulation  [11] . However, there are other 
studies pointing towards a subnormal body temperature 
in hemodialysis patients  [12–14] . The explanation for 
subnormal body temperature in hemodialysis patients 
remains speculative and it has been hypothesized that the 
degree of uremia may be related to the hypothermia 
 [12] .
 Many factors can contribute to the variation of body 
temperatures. Studies have reported age-, sex- and ambi-
ent temperature-related variations in normal body tem-
perature in healthy individuals  [3–7] . In our study, there 
was no effect of age on the body temperature in both 
groups. As most of our subjects were in a cool and covered 
area of the hospital, variations in the ambient tempera-
ture were minimal, and this may have been the reason for 
the minimal effect of ambient temperature on the body 
temperature of both groups. While the healthy women 
had a higher temperature compared to the men, this was 
not demonstrated in the hemodialysis group, possibly 
due to the small sample size.
 Avitsian et al.  [16] recently reported that an upper 
 extremity AVF alters blood pressure and temperature 
measurements when compared with the contralateral 
non-AVF side. Our study also showed an increase in the 
axillary temperature of the arm with the AVF in approx-
imately half the hemodialysis patients. Most of the hemo-
dialysis patients in our study had an AVF in their left arm, 
and the significant difference that was found between the 
left axillary temperatures of hemodialysis patients and 
healthy individuals may have been reflective of this. The 
increased temperatures are likely due to an increase in 
the blood flow through the fistula. Thus, the fistula site 
should be an important consideration when recording 
axillary temperature, as the arm with the fistula is un-
likely to provide the correct estimate of axillary tempera-
ture.
 Loudon showed that axillary temperature measure-
ments with mercury thermometers vary from 2.6°F low-
er to 1°F higher than simultaneous oral measurements 
 [18] . Nichols et al.  [19]  reported that axillary tempera-
tures exhibit differences of 0°F to 4.2°F compared with 
oral temperature readings in adults. Our study was con-
sistent with a wide variation in the difference between 
oral and average axillary temperatures, and the common 
practice of adding 1°F to the axillary temperature could 
not accurately predict the oral temperature in either he-
modialysis patients or the healthy individuals.
 The correct estimate of body temperature is important 
clinically for the early diagnosis and consequent treat-
ment of infections. In CKD patients undergoing hemodi-
alysis, this is particularly imperative, as these patients are 
prone to developing infections due to immunosuppres-
sion and nosocomial exposure. On the other hand, dis-
crepancies in temperature recordings and false interpre-
tation of a higher body temperature as fever, may lead to 
irrational use of antibiotics and as a consequence, devel-
opment of resistant organisms.
 Limitations of our study included the fact that the 
thermometer was not calibrated between subjects, and 
that the thermometer was not placed at the body site for 
longer than 2 minutes. However, we opted for a shorter 
measurement time in order to simulate real-life condi-
tions. The correct placement of the thermometer at the 
body site and the possible visual error in reading the tem-
perature recordings were other limitations pertaining to 
the use of an ordinary mercury-in-glass thermometer. 
However, only 2 individuals were involved in the tem-
perature recordings and all the temperature recordings 
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were rechecked by both individuals so as to minimize the 
visual error, and a conscious effort was made to place the 
thermometer correctly, especially in the axillae.
 Conclusion 
 Patients with CKD undergoing hemodialysis have 
higher normal body temperatures than healthy individu-
als. There is a wide variation in the difference between 
oral and axillary temperature measurements, thus mak-
ing it impossible to obtain an accurate correction factor. 
Therefore, axillary temperatures should be interpreted 
with great caution. Also, since the axillary temperature 
of hemodialysis patients is affected by the presence of an 
AVF, when taking axillary temperature in hemodialysis 
patients, the fistula site should be taken into consider-
ation, and the non-fistula arm should be preferred for 
axillary temperature recordings, so as to avoid discrepan-
cies in temperature measurements.
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